ABSTRACT The Department of Defense (DoD) has mandated development of a system to collect and manage data on the weight, percent body fat (%BF), and fitness of all military personnel. This project aimed to (1) develop a computerized weight and fitness database to track individuals and Army units over time allowing cross-sectional and longitudinal evaluations and (2) test the computerized system for feasibility and integrity of data collection over several years of usage. The computer application, the Military Services Fitness Database (MSFD), was designed for (1) storage and tracking of data related to height, weight, %BF for the Army Weight Control Program (AWCP) and Army Physical Fitness Test (APFT) scores and (2) generation of reports using these data. A 2.5-year pilot test of the MSFD indicated that it monitors population and individual trends of changing body weight, %BF, and fitness in a military population.
INTRODUCTION
This workshop recommended several initiatives including a key recommendation to develop a flexible, centralized database system for each military service to track height, weight, percent body fat (%BF), and fitness data of military personnel. 
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MILITARY MEDICINE, 174, 1 :1, 2009 Soldiers must meet age-and gender-specific body fat standards, as defined by Army Regulation (AR) 600-9, The Army Weight Control Program (AWCP), to remain in the military. 3 Age-and gender-specific weight-forheight allowances are used as the primary screening tool to identify potentially overfat soldiers (individuals who may exceed the body fat standard). Soldiers exceeding the weight allowance are "taped"-gender-specific circumferences are measured that determine %BF from standardized equations. 4 , 5 As of May 2007, 13,364 soldiers (2.7% of the active duty Army population) exceeded %BF and were enrolled in the AWCP (personal communication, U.S. Army Medical Command, May 2007). Since 1992, ∼24,000 soldiers have been discharged from the Army for failure to comply with AR 600-9 (personal communication, Human Resources Policy Directorate, October 2006). Soldiers discharged from military service for failure to comply with AR 600-9 pose a significant financial cost to the military in terms of training. 6 
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In addition to meeting weight allowances and %BF standards soldiers must also meet fitness standards to remain in the military. The Army Physical Fitness Test (APFT), taken twice a year in an active duty population, consists of three events: extended-leg push-ups, bent-knee sit-ups, and a timed 2-mile run. 7 Soldiers who fail the APFT usually participate in a remedial physical training program and repeated failures can lead to discharge from military service. Since FY1999, the Army has discharged 2,342 soldiers for failing to meet minimum age-specific APFT standards (personal communication, U.S. Army Medical Command, May 2007).
Currently, there is no centralized computer system to efficiently monitor soldier compliance with the AWCP and the APFT. Often, military personnel use several stand-alone computer programs, which may or may not be accurate tools, to monitor current status with the weight and fitness regulations, with limited ability to track compliance over time. Anecdotal evidence identifies a need for a standardized, accurate, and automated system for administering the mandatory AWCP and APFT. The purpose of this pilot study was to develop and test a computerized database system designed to automate and track height, weight, %BF, and fitness data longitudinally for efficient administration of the AWCP and the APFT.
METHODS
Description of Military Services Fitness Database (MSFD)
The MSFD is an efficient and easy-to-use computer application designed to automate administration of the AWCP and the APFT by recording, calculating, and permanently storing soldiers' body weight, %BF, and fitness data. As such, the MSFD provides the ability to track a soldier's compliance with weight and fitness over time, thereby allowing identification of soldiers progressively gaining weight or performing poorly on the APFT.
Data Entry, Calculation, and Storage
The MSFD provides instant and automated feedback on whether a soldier passed or failed the APFT, and whether a soldier exceeded the weight-for-height screening. When required, circumference measurements are entered directly FIGURE 1. A sample data entry page from the MSFD. These sample data are anonymous; the soldier's name consists of a randomly generated list of letters.
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into the database and the %BF is calculated using the official Army body fat equation. 3 For this study, the body fat equation from the 1987 version of AR 600-9 was used to calculate percent body fat. AR 600-9 states that all measurements at each site must be within 0.50 inches, therefore, the program allows more than three measurements at each site and alerts the user to discrepancies that are >0.50 inches. The automation of the body fat equation eliminates human error typically associated with manual calculation of %BF. Figure 1 displays a soldier's data for the APFT: height, weight, and %BF from the circumference tape test.
Output and Reports
The MSFD expedites and automates permanent record keeping and completion of Department of the Army (DA) forms required for administration of the AWCP and the APFT. Although required fields for these forms are automatically entered with data previously stored in the MSFD, the user can edit and save any field before printing. The DA forms included in the MSFD are: DA Form 268, Report To Suspend Favorable Personnel Actions (FLAG); DA Form 4856, Developmental Counseling Form ( Fig. 2 ) ; DA Form 5500-R, Body Fat Content Worksheet (Male); DA Form 5501-R, Body Fat Content Worksheet (Female); and DA Form 705, Army Physical Fitness Test Scorecard. The user can also print all endorsements, complete with necessary information, that are required for placing a soldier on the AWCP.
An efficient and useful feature of the MSFD is the ability to generate ~50 different reports summarizing the body weight, FIGURE 2. An example of one of the forms that the MSFD automatically produces, when required. These sample data are anonymous; the soldier's name consists of a randomly generated list of letters and the Social Security number is a randomly generated list of numbers. %BF, and fitness data of soldiers by a number of variables to include rank, age, gender, and medical profile status. These reports include a list of soldiers who passed the most recent APFT ( Fig. 3 ) those who failed the APFT, exceeded the body fat standard, were previously or are currently on a medical profile, or need to take an APFT. The reports may be generated for all assigned personnel or filtered to report special interest groups (e.g., by rank, gender, organization, unit). Data may be sorted by any field, printed, or exported in a Microsoft Excel spreadsheet to allow for further data analysis. MSFD replaced three locally developed computer programs (i.e., Excel spreadsheets) being used to monitor current soldier compliance with the AWCP and the APFT. These programs were unable to track compliance longitudinally and they were not officially approved Army computer applications, which would ensure accurate calculation of %BF. The users were provided a training period before implementation. 
Research Participants and Procedures
Statistical Methods
Longitudinal data of body weight, deviation from AR 600-9 maximum allowable weight, compliance with body fat standards, body mass index (BMI), and APFT scores were evaluated using a repeated measure ANOVA. The proc mixed procedure was used to manage missing data using the raw maximum likelihood method. Analyses were performed using Statistical Analysis Software (SAS) version 9.1 and a p -value of £0.05 was assumed significant.
RESULTS
A total of 1,710 records were recorded in the MSFD during the 2.5-year data collection period. Data were collected on 684 soldiers (423 men and 261 women) for at least three iterations of the APFT and mandatory weigh-in. Table I summarizes the demographic data for the participants.
Weight and Body Fat Measures
Weight gain for both men and women occurred during the study, [ F (4, 1795) = 9.90, p < 0.0001] ( Fig. 4A ) along with a corresponding increase in BMI ( Fig. 4C ) . Mean weight gain for men was 0.85 kg (1.9 lb)/year and 0.7 kg (1.5 lb)/year for women. On average, men were 1.4-2.7 kg (3.1-5.9 lb) under their weight-for-height allowance and women were 1.6-2.5 kg (3.5-5.5 lb) over their weight-for-height allowance ( Fig. 4B ) . The distribution of "deviation scores" (a soldier's actual weight minus the weight-for-height allowance) of fall 2003 compared to fall 2005 is shown for men ( Fig. 5A ) and women ( Fig. 5B ) . The distributions were normal (nonskewed). The average body weight deviation of the sample increased by ~1 kg (2.2 lb) from fall 2003 to fall 2005. Men moved closer to their weight-for-height allowance, and women moved further above their weight-for-height allowance [ F (4, 1801) = 6.7, p < 0.0001]. In fall 2005, 36% of men ( n = 88) and 57% of women ( n = 96) exceeded the weight-for-height allowance, requiring measurement of %BF. Figure 6 summarizes the proportion of soldiers who (1) met weight-for-height allowance (no tape test required), (2) failed weight-for-height allowance but passed (met) %BF, (3) failed both weight-for-height allowance and %BF, and (4) failed weight-for-height allowance but, for some unknown reason, were not taped as required by AR 600-9. For the purpose of this study, the latter group is categorized as "possible fail." Approximately 65% of men met the weight-for-height allowance. Of the 35% who were over weight-for-height allowance, 4-8% exceeded %BF ( Fig. 6A ) . Although more women than men exceeded weight-for-height allowance ( Fig. 6B ) , the proportion of soldiers exceeding body fat standards was comparable for women and men (5.9% and 6.4%, respectively). The failure rate for soldiers exceeding %BF was consistently <10%, even when including the "possible fail" category.
Fitness Measures
A significant interaction between gender and time [ F (4, 1277) = 2.56, p < 0.05] was observed for APFT scores ( Fig. 7 ) . 
DISCUSSION
To date, there is no tracking tool in use by the Army to monitor soldiers' compliance with the AWCP and the APFT regulations. The MSFD was designed to achieve this goal by automating and tracking height, weight, %BF, and fitness data longitudinally for efficient administration of the AWCP and the APFT. A pilot study at Womack Army Medical Center, Fort Bragg demonstrated that the medical companies using the MSFD successfully monitored and summarized population and individual trends of changing body weight, %BF, and fitness throughout the 2.5-year data collection period. Further more, the MSFD allowed users to efficiently manage soldier data with one database instead of multiple databases and computer programs, as was previously used at the hospital for administration of the AWCP and the APFT.
The MSFD's ability to store a soldier's previous information on height, weight, %BF (if required), and APFT scores, alerted supervisors to potential misinformation such as inaccurate height, age, and circumference measures thereby improving accuracy of results for soldiers. Additionally, storage of soldiers' information and automated printouts of required DA forms reduced manpower time and improved efficiency in administering the AWCP and APFT.
The MSFD allowed the user to monitor soldiers for a variety of reasons related to compliance with the AWCP and the APFT such as those on medical profile, those who were on leave, temporary duty (TDY), or deployment status, and those who were repeatedly noncompliant or very close to being noncompliant with the regulations. Identification of "at risk" soldiers who may be close to exceeding weight and/or %BF or performing poorly on fitness standards provided supervisors with timely information which, if used appropriately, could prevent soldiers from being placed on the AWCP or remedial fitness programs. Ultimately, the early identification and monitoring of soldiers for compliance with weight and fitness standards could potentially reduce the number of soldiers discharged from service for failure to meet these standards. Furthermore, the capability to monitor weight and fitness data longitudinally has the potential to help identify the impact of specific situations (i.e., deployments, TDY, training, and medical profiles) on compliance with the AWCP and the APFT.
Investigations on civilian weight gain report an average gain of 0.90 kg (2.0 lb)/year over a 10-year period for men and women aged 25-35 years 8 and 0.50-1.0 kg (1.1-2.2 lb)/year for American adults. [9] [10] [11] In this study's 2.5-year evaluation period, active duty soldiers assigned to a medical unit reported an average weight gain that was lower than the nonmilitary population [0.35-0.40 kg (0.8-0.9 lb)/year]. Corresponding to the increase in weight, the mean BMI for men and women also increased. APFT scores for both men and women did not differ over the 2-year period indicating no significant change in fitness during this time. The failure rate for the APFT is lower than the failure rate for meeting percent body fat, suggesting that soldiers may have an easier time meeting fitness standards compared to weight and body fat standards.
It is important to avoid generalization of results from this medical unit to all military personnel. Nevertheless, the illustration with these data shows the potential for a computerized system, such as the MSFD, to provide the observational database needed to evaluate changes in weight, %BF, and fitness in a larger, more representative sample of military personnel.
In summary, the findings of this pilot study illustrate that a computer application such as the MSFD can efficiently monitor and summarize both population and individual trends of changing body weight, %BF, and fitness in a military population over time. Use of the MSFD demonstrated that Army personnel, from a selected sample of Army medical personnel, gradually gained body weight while fitness scores remained similar. Future efforts should focus on potential integration of this prototype into existing or planned automated computer tracking systems for the Armed Forces (active duty, reserves, and National Guard) to maintain continuity of weight and fitness data collection and allow for future comparisons.
